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@ IMethod and apparatus for adaptive color ch»iacteitKat!on and caiibration. 

@ A system and a method in w^ich channel independent linear transfer lijnctions or calibration curves 
for color devices such as prlnt«¥, scanners and displays are indrvkhidly crested using a tow cost a light 
Intensity sensor. Scaling consbante are detennlned and desired linear aim re^nse curves are scaled 
together to maintain a desired color balance. TTie color saturation effects ae also removed liy scaSing or 
nomiaiizing to some maximum input drive level that does not saturate any of the colors. The 
characterization curves are rotated about ttie desifred linear aim response curves to create compens- 
ation curves for each the characterization curves adapted to the particular device response cnaracter" 
istics. The d^mic range maximized, linearized, color balanced arKi saturation conr^nsation curves 
are loaded into conversion tables which convert input values into tiie appropriate ou^ut values. 
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nel irregularities to form some predetermined, Ideatlzect response. This process is generally rafarrad to as 
"gamma" correction since it negates the nfionitor's characteriatic gamma response, but the proper idealised 
response could help overcome systems problems such as flair, surround effect, etc. Both products also permit 
user selection of monitor white point which is accomplished by selecting the desired correlated color temper- 
ature and monitor tyf>&. Prestored phosphor chnomaticity data ftwr each monitor type is utilized to adjust the 
gamma cwrecBon curves to achieve the desired a^or baJancse. Obviously, this cdorimetric calibration method 
is inferior when compared to others since device measurements are not performed on each device, Instead 
they are made at the factory on a limited population. 

If more exacting colorimetric calibration is required, each device must be measured independently using 
a coiorimeter or spectralradicmeter. The RasterOps CorrectCol or Calibrator product serves this market by pro- 
viding an integrated colorimeter with a supporting control/numerical analysis software package. This system 
supports user defined gamma correction and color tempera tu re adjustme nts as out! insd above, but uses meas- 
ured phosphor ctH-omaticity values rather than a factory standard default. The overall colorimetric calibradon 
accuracy is then limited by measurement precision. 

Printer calibration also utilizes a measurement device (usually a densitometer, colorimeter with a source 
or a spectrophotometer) and a software package to perform data genraation and rtumerical analysis. The typ- 
ical calibration procedure Includes printing a standardized target containrng tone and/or gray scales followed 
by patdi measurement and data insertion into the software (usually automated). Soma systems utilize visual 
matching methods m place of instrumentation which undoubtedly causes higher levels of measurement error 
as compared with other forms of instrumentation. Numerical analysis is than performed to generate channel 
independent look-up tables which correct for non-idealized printing characteristics. The exact target charac- 
teristic response is a function of the package and is defined linearly with respect to dot gain or in terms of a 
D-40Q E curve. This procedure is followed on both 3 and 4 color printers. The 4 color or "black" printer presents 

; a specid problem since the manufachirer has t^tfenized the printing process by adding a black component in 
place of varying amounts of CMY (Cyan, Magenta, Yellow). These UCR (Under Cotor Removal) and GCR (Gray 

: Component Replacement) ajgoritlwis are generally different for each device type and are considered propri- 
etary knowledge of the print engine manufacturer. This information is not readily disseminated which forces 
the calitiratton system to compromise for a particular device to support all such devices. 

AtlsmpEs to market low-end printer c^ibration tools have been limited at this point because of instrumen- 

„ tation cost and the recent emergence of consumer grade color printers. A need for higher accuracy rendering 
Is just starting to emerge, thus product developnrtent efforts have not matured. Eastman Kodak Co. currently 
..sells a calibration package to linearize a QMS (Color Script 100) printer from densitometer measurements of 
the tone and gray scales. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a callbraUon method which minimizes device population 
Vffl-iance. 

It is another object of the present Invention to charatterize and calibrate devices In different classes, such 
as scanners, [^'inters and displays, using the same method. 

It is also an object of the present invention to calibrate to a desired aim or target curve. 

It te still another object of the present invention to provide a csJibratron system that uses a low cost ach- 
romatic photometer light sensor that senses intensity and is nonphotoptc. 

It is a further object of the present invention to provkie a transform that is universally applicable to devices 
in the same class. 

It is an object of the present invention to provide a system that simultaneously corrects for saturation ef- 
fects, linearizes device response, balances color response and scales device response to utiliEe the entire dy- 
namic range of the device. 

it is an additional object of the ja"esent invention to provide a system that independently corrects the color 
channels by providing independent color correclksn curves which together are constrained to provide a color 
balanced response. 

It is a still further eAsjecl of the present invention to provkJe a calibration system that can be periodically 
used by the user of a color reproduction system at the users job site after the color reproduction system has 
left the factory. 

The above objects can be attained a system and a method in which channel independent linear functions 
for device classes, aichas printers, scanners and displays, are careated to compensate for undesired tone scale 
behavtor by requiring tt\at the aim or target tCMie scale curves track or move together. A light intensity sensor 
Is used to separately measure color response curves. The curves are linearized separately and scaled together 
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curves require a more sophisticated evaluation method involving device moddingorpomt-by-point evaluatton 
such as that described in the automatic cafibrating application previously mentfoned. 

The aim curve preferred for color management use is infinitely scaleable to permit utilization of full device 
dynamic range. Fixed aims are useful in some circumstances, but the typical computer peripheral has a limited 
d>maittic range to tiegin with, so that even slight range cc»nprsssion could cause noticeable image contouring. 
Due to system reqoh-emente, the linearization metric needs to be a CIE traceable color space that operates 
on appropriately scaled data. Figure 3 illustrates cap Y from CIE tristimuius space for curves 30, 32 and 34 
defined as a linearization metric which is scaled to a white point by definition, thus meets the desired criteria. 
CIE L*A*B* or L»U»V* spaces are also usable spaces since they are also scaled lo a white point 

Normaliy, one aim is applied to all 3 or 4 device colorants simultaneously. This approach is gener^iy suf- 
ficient for a fixed aim assuming the maximum device response exceeds the maxinwm aim requirwnfflits. Va- 
riable aims do not preserve a specific color balance and this is not acceptable. Full channel independence 
does not guarantee a known relationship between the colorants, and thus Is not capE^e of compensating for 
degradations of a single colorant For example, this effect occurs quite frequently In monitors where emissivlty 
of one gun falls with time whicdi causes a color balance shift while preserving a relative tone scale. 

This problem may be overcome by appropriately constraining channel independent linearization such that 
the relative tone scaies track. The preferred method involves scaling the 3 or 4 aims appropriat^y to achieve 
some sort of known color balance. The actual white point aim is not Important in the general case provided it 
is achievable, robust and does not impact overall system accuracy. The color balance used by the present in- 
vention is preferaWy defined as a neutral gray under a D60 illuminant 

Aim scaling is perfcwmed by utilking an ideal additive (scanners and monitors) or subtractive (prin ters) color 
mod^ as appropriate. Aiinear comtrinatlon of the primaries can be found in either color system which satisfies 
the balance requirenrtenl given the knowledge of each primary's spectral characteristics. This function defines 
the required ratio of primaries aeroes the entire gray scale which yields a true neutral to an excellent approx- 
imation for add'rtive devices. Certain classes of printers, however, do not exactly adhere to the linear subtractive 
model due to ink laydown effects which cause sonje slight hue shading down the neutral scale. This effect is 
negated by the subsequent characterization step since a model is built of the calibration transform/device cas- 
cade and thus may be ignored. 

Since device to device variations exist in ternrw of dynamic range, mininHjm and maximum values, the con- 
cept of aim curve scaling may be applied to overcome these defects. Those regions where the linearization 
results depart from the aim are eliminated and scaling is applied to utilize the remaining device dynamic range. 
; This situation commonly occurs on scanners and monitors when channel saturation Is achieved and on printere 
as a particular colorant's maximum density degrade writh time. Fig. 4 gives a graphic example of a green pri- 
mary 40 saturated at 90% felt scale while the fUf scale Is available for blue 42 and red 44. A rescaled color 
balanced aim as illustrated in Fig. 5 has a maximum input drive level of 90% full scale on ail channels. As illu- 
strated, the red 50 and blue 52 aims have t»een truncated at thw fwmer 90% point matching the maximtmi 
saturation of the green aim 54 and wrfiich preserves neutretis at the cost of dynamic range. The ordinate has 
been rescaled such that 100% Y corresponds to blue at 90% nsther than 100% and the balanced r^aticnship 
of Fig. 3 has been maintained. 

Atypical system in accordance with the present invention, as illustrated in Fig. 6, includes a computer 60, 
sudi as an iBIW pwswial compoter/system or an Apple Macintosh computer. The computer 60 can receive scan- 
ned documents firom a scanner 62, such as 60DZS ScanMaker available from Microtek Lab, Inc. of Torrence, 
CA. To calibrate the scannera predetermined test target documMrt 64 is scanned. The, output devices include 
a display 66, such as a CRT dteplay or a liquid crystal display which typically comes wfth the computer 60, 
such as an Ap pie Maclnto^, and a prlnta- 68, sm^ as the XL7700 13ye Su Wim^n Printer available from East- 
man Kodak Co. of Rochester, N.Y. The display ^ fe calibrated using a calibration unit 70 which includes a low 
cost light intensity or achromatic sensor such as described in the related CRT calibration unit application, using 
processes described in the related subtractive measurement and luminance measurement applications previ- 
ously mentioned which provide light intensity data for performing the processes of the present invention. The 
prints 68 is calibrated using the calibration unit 70 as a reflectometer by combining the unit 70 wnth an ilumf- 
nator 72 illuminating a printed document 74 with a stable tight source and an aperturs/tens through which the 
unit 70 looks. The results produced by the present invention are preferably stored in a set of characterization 
and calibration tables, one table for each color, which can be part of a file that can be loaded into the computer 
60 depending upon the application (scanning, displaying or printing) being performed. 

Adaptive aim curve calibration for a scanner 62 is a simple case since most devices exhibit linear adtfilfve 
characteristics as illusfrated in Fig. 7 by the combined curve 80. The appropriate ratios of red, green and blue 
(RGB) required to achieve a true neutral gray at minimum densHiies (reflection or transmission) also holds at 
niaximum densiUes; therefor, only one point on the tone curves must be exairJned. The scales of the axes 
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T^et orisrrtatfon is checked 112 next by noting the location of the positton locating patch. This patch 
should be located af the top, left-hand comer of the rendered image when all text is directly readable. Con- 
ventional image rotation tools can be used to orient 114 the image correctly. These tools are available in most 
drawing packages and some scanner control applications. Image resizing may be required if the resolution is 

6 too high, ideally, the iniage should be scanned in at 100 to 150 dots per inch (DPI) for the patches to be of 
sufficient stee for the extraction process. Conventional tools to perform image resizing are also available in 
most drawing packages, imu&vet, care must be appiied in selecting an inteipolatton technique. Miulti-pixei al- 
gorithms, such as bi- linear or bl-cubic interpolation, tend to yield erroneous resuits due to curve fitting errors 
and should be avoided. A nearest neighbor intapoJator gives excellent results and la preferred. The fife is then 

10 stored in bit-map form for subsequent processing and then closed 116. 

A calibration process is then is invoked 118. as illustrated In Fig. 9, through a user entered command fix)m 
within the application. Command atb-ibutes include the file name of the visually validated calibration target and 
the file name of the patch values corresponding to the scanner device being calibrated. The calibrafion proc- 
essing is the performed 120 as illustrated In Fig. 10. 

15 In the first step in the calibration process the target file is opened 132 in a fiill frame buffer located within 
the calibration application. A subsampied version of the image may be optionally displayed on the monitor for 
f3e verification purposes, iMJt is not required. 

Fiducial nrarks locafions are deternfuned 134 by scairiing the bit-mapped data for their unique "V" sh^d 
pattern. Once each point is accurately located, the relative displacement b^vyeen them is calculated 136 in 

20 terms of delta X and delta Y on a Cartesian Coordinate system. This information Is used to conventionally scale 
1 38 a pre-stored target map, so that the spatial resolution arrf rotation of the map matches that of the scanned 
target. A patch counter is then initialized 140. 

The map pinpoints 142 each patch center In absolute displacement from the two fiducial marks. Data ex- 
traction sequentially occurs on a patch by patch basis by examining 144 a 10 by 10 pixel region about each 

55 canter point of each patch as defined by the target map. Each 100 pixel group is avwaged 146 and the Root 
^ ^ Mean Square (RMS) error is calculated from that average. The RGB average are temporarily stored white 
the RMS error is checked against a maxinwm threshold. Exceeding the threshdd indicates ather excessive 
scanner noise or inappropriate target resolution has occured. A user warning is preferably posted to alert the 
user of the situation. Target re-acquisition is advised, but not necessary. The patch counter is tested 148 and 

30 incremented as necessary until all patci'i data has been extracted and averaged. 

The scaling constants previously discussed are then retrieved 152 from the transform header file and are 
. .- .used as a reference in the color balance cakiulations. As illustrated in Fig. 11, the most negative normalized 
RGB value 184 far a mktscale patch as measur^i 154 from its scaling constant becomes 156 the fixed data 
point from which aR subsequent calculations are made. It is important to note that In a conv^rtional norma)!- 

35 zatron operation the maximum coupled value isscaled to the maximum scale value and other values are scaled 
proportionately. That is, the normalized RGB triad calculated R at 255, G at 255 and B at 255 and scaled to 
unity. The reason that the values here are not at one is because a midscaie triad whose values are less than 
one by definition has been chosen as the point for scaling the entire curve. Step 154 removes the channel 
saturation effects and maximizes aim curve scaling for full dynamic range. If one channel prematurely satur- 

40 ates, the normalized data value at the saturation point is used instead of the maximum patch value. This sub- 
stitution removes the channel saturation effecte which would show up as non- achromatic highlights in a scan- 
ned image. The overaB attenuation Is calculated from the ratio of Bn and C. The overall attenuation is a scaling 
factorapplied to two of the three scaling constants to generate new scaled aim curves. The overall attenuation 
is applied to the remaining two scaling constants, A and B yieldirtg Raim and Qaim, in this axan^e. An attenu- 

« ation factCH- is then csJculated 158 which brings the norm^ized red and green chann^ down to their respective 
aim values where Overall AttenuaKon = Bnyc, Bairn = S„, Gaim = GnBn/C, Raim=RnBn/C, Green Attenuation 
= (Gn/B)*Overall Attenuation and Red Attenuation = (Rn/A)*Overali Attenuation. Applying these scaling factors 
to or multiplying the unbalanced aim curves by these scaling factors yields the color balanced aim curves il- 
lustrated in Fig. 12. Note that the blue channel 210 is left unattenuated while the two remaining channels 212 

so and 214 are appropriately scaled. Correction table creation is performed 160 by sfrnply rotating the extracted 
patch or characterization data for each color about their rsepective aim curves and convenSoftaHy Interpolating 
between the points providing channel independent itertearlzaton. The related application on automatic calibra- 
ton shows the rotating operation. Tables as illustrated graphioaify by the curves 220, 222 and 224 in Fig. 13 
result. These curves 220, 222 and 224 are the transforms which simultaneously accomplish the four objectives 

S5 previously discussed. During use digitel values far the color of each pixel in an image produced by the scanner 
(counts in) are transformed into corretaied digital values (counts out) using a conventional table look up oper- 
ation. 

Monitor 66 catibralSon closely fbllowe the procedure set forth above for input devices since perfsnait devk» 
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^ " ]Rx)'+g(A) + b(X)]y{>-)dI ^^^"^ 
and that the target values to achieve a neutral gray scale are: X^so = k^, Ydso = i<2 and Zcso = 
Scaling factors can be found that such that; 
5 Xoso = k J[CV(X) + Cig(X) + C2b{X)}x{:i)dX (1 5) 

Ydbo = k J[Cer(>.) + Cig(X) + C2b{X)]y(^)d?. {1 6) 
ZoK, = k JlCoTtJ.) + Cig(X) + Cab{X)]z(>.)d>. (1 7) 
where C^, C, and C2 are unnormalized scaling factors. Since we are dealing with relafive coiorimetry, these 
may be scaled by dividing each by the largest values of the triad using A=C[)/max(Co,Ci,C2), 
JO B=Ci/max(Co,C,,C2) and C=C2/max(Co.C,,C2) where A, B and C are normalized color balance constants. The 
constants are stored in the header file associated with each transform. 

The above technique involves determining the scaling constants using a colorimeter as the calibration in- 
strument. However, the scaling constants can be determined using the preferred achromatic sensors as dis- 
cussed below. 

IS A monitor is a linear additive device such that the white spectral power density is the sum of the three 
primary spectral densities 

w(>.) = r{X) + b{K) * g{k) (18) 
When a crforimeter Is used to measure a vrfiite patch on a monitor the results are found by convcrfving the 
color matching functions with the spectral power density of the patch to find normalized X, Y and Z using equa- 

20 tions (11)-(14). This showsthatlhe measurements made by a colorimeter, the X, Y and 2, values are integrals 
of the convolved curves. An achromatic measurement device, such as the preferred sensor, cannot generate 
the three values from a white p^c* measurement The achromaBc sensor can measure the response of each 
primary if the primary is displayed and measured ^dapendentty. The three measurements are not related to 
the trlstlmulus values because the bandpass functions do not match those of the color matching functions. 

2S The measiffements are calculated using a convolution as done for a colCN-imeter but the equations change to 
reflect the specdral "taking" (*ara<*erl3tics of the achromatic sensor. The monitor prbnaries have an effective 
power spectral density of. 

B = b(X)f(>i) (19) 
G = g(X)f(X) (20) 

30 = R = r(X)f{r) (21) 

where i{X) is the spectral response oi the achromatic sensor. 
, ; J ■ Since the spedraJ characteristics differ b^ween the two measuremente a calibration of the colorimeter 
. to the achromatic s»isor must occur which results in unnormallzed scaling factors. 

To obtain the seating constants we must know X. Y and Z and some amotion of R(k), 6(X.) and B{Xf wrtiers 
3S R{X), 6(X,) and B[i.) are the convoluBons of phosphor poww density functions; r(X), g(X) and b(X) and f(X) the 
adiromatic spectral response of the sensor as given In equations (19)-(21 ), Integrating each stan in aquations 
{15)-(17) gives: 

X = l<CofR(A.)x(X.)dX + l^Ci/G(X,)x(X)d>. + KC2jB(X.)j<(X)dA (22) 
Y = KCjR(X)y(X)dX. + kC,j6(X)y(X)dX + KC2lB(X)y(X)dX (23) 
40 Z = kCofR(A.)z(X)dX + kCiJQ(3L)2(?v)dX + KCjB(J.)z{X)dX (24) 

All of the variables of the integratians aboveare known for a monitorofaspecif retype and an achromatic meas- 

ur^ent device, such as the preferred sensor. A single grey patch {R=G=B=255) can be selected to evaluate. 

Two evaluation procedures are available the first is a calculation method and the second is a measurement 

method. 

46 in the first calculation procedure the first step is to calculate X, Y and Zfor a white point (R=G=B=255) by 

substituting phosphor spectral densities and color matching functions into equations (11)-(13) so that the rel- 
ative peak between b(X), g(A,) and r(/.J is preserved. Naxt the values for X, Y and 2 are substiKited into equations 
(22)-(24) and the integrals are calculated using tlie spectral densities of the phosphors, color matching func- 
tions and the achromatic sensor. Equations (22)-(24) are solved using convenSooal linear algebra methods 

so and the cons^ts Cc, Ci and C2 are norm^ized. These constante are then provkted as part of the c^lbrato 
package with the monitor. 

The second method, at the factory, first measures, at the fectory, the X, ¥ and Z for the while point 
(R=G=B-255) using the colorimeter previously mentioned and provides the values to the user as part of the 
calibration software. The values are substituted into Bquations (22)-(24). The response of the achromatic sen- 
55 sor Is measured separately by the user using cdor patches fer red (Rs=255), blue (S=25S) and green (6=255). 
The results are substituted into equaBwis (22)-(24). The vakie k is set at 1 and the constants are solved for 
as dtecussed previously. The constants Co. C, and Cj are then normalized and stored in the calibration soft- 
ware. In this method the achromatic senstu' calli»^d against the ooiorimeter on partbular display type al- 
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The tone ciurves for a tyiMcat dye sublimation printer are reproduced in Fig. 19. Note that alt three colorants 
330, 332, 334 appear to track as expected (required to achfeve a gray scaie) and that the three scales saturate 
near 100% RGB reflectance (orequlvalently, nearO% CMY ref ieclanoe). Scaling the tone scale responses at 
one point Is sufficient to achieve the desired color balance to a first order approximation. Channel saturation 
5 effects shown here do affect choice of balance point - obviously maximum scale Is not appropriate. A mid- 
scate data point yields a good result Given that only a single point is utilized, these saturation effects will not 
be compensated for and hue shift will occur. Fortunately, saturation occurs in the black region where the eye 
is not hue sensitive, so the effect may be ignored with little irr^ct on overall image quaiity. 

Assuming a angle balance point near mid- tone scale, the scalir^ constants are darivad as follows. The 
10 CMy (wrinter's (or RGB printer's) tristimulus resfwnse can be simply modeJed to a first ordar approximallon as: 
X«kIlr(X) + g(>.) + b(X)]x{>,)p(X^(X>dX <2S) 
Y = kf(r{X) + 9W + b(X)3y(X)p(X)P(J.)dX (26) 
Z = kf[r(>.) + 9(5^.) + b(mz(/,)p(X)P(X)dX. (27) 
where v{X}, g(^), b(X.) are printed patch spectral reflertion densities associated with RGB channels, x(3l), y{X), 
is z(X) are the 1931 CIE colormatrfitng Functions, p(X) is the viewing source spectral power disflrlbution preferably 
D60, P(?.) is measurement devicse spectral response, and k is a normalizhig constant defined by: 

k = 155 f2m 

JIW.) + g(X) + bO,)]y(X)p(>.)P(X)dX 
and that the target values to achieve a neutral gray scale ana the paper white irialBTiulus under DSO: 
20 XoBo = lti.YDso = l«2 and 2^60 = k3. 

Scaling factors can be found that such that 

Xo5o = k J[Cor(>.) + Ctg(X) + C2b(>.)]x{X)dX (29) 
YoBo = kl[Cor{X) + Cig(X.) + C2b(X))y(J.)dX. (30) 
2d50 = k f[Cor(X) + Cig(X) + C2b(X)]z(X)dX (31 ) 
25 where Co, Ci and Cj are urtnormalized scaling factors. Since we are dealing with rdatlve colorimelry, these 
may be scaled by dividing each by the largest values of the triad using: A=C(/max(Co,Ci.C2), 
B=C,/max(CchC„C2) and C=C2/max(Co,C„Qi) where A, B and C are normalized color balanced scaling con- 
stants. 

The printer calibration procedure is illustrated in Fig. 20. Commercial spectrophotometers or densitometers 

30 may be used for tone seals measurement, but are e>lfemely high in cost The approach preferred involves using 
. ■ ,:,the monitor calibrator unit 70 with a stable illuminator 72 to enable measurement of relative reflectances, 
i : The calibration procedure begins by opening 342 the color management calibration application followed 
by the selection of the printer calibration routhe untier the application. This routine requires the naning of the 
appropriate device color pnrflte fRe for the printer to be c^ibrated. 

35 The gray scale target is rendered 344 in memory and the resulting bft-map is down loaded to tha printer. 
A high level graphics language could be utilized In^ead. but some printers do not contain the Raster image 
Processors (RIPs) required to render the image In the jM-inter. The target is identical to the gray scale target 
in Fig. 8 except that it exists as an electi-onic file. 

The user then presses a key to initiate 346 a softwrare contrdted data acquisition. A patch counter is ini- 

40 tialized 348 and the count value co-responds to the intensity of a particular color curve being measured, in- 
teractive re^nses should be used to synchronize measurements with the appropriate patch number. The user 
must n^ace 350 the reflectance measurement device over each patch in succession and press 352 a key to 
indicate set-up readiness. The application instructs the unit 70 to acquire reflectance data and return the resuils 
to the compute- fiO. P&m measurement order is unique and specific for this target so nodeviatiwi is permitted. 

45 User prwnpts on the monitor (provide "next patch" informafion to prevent sequential measurement ernjrs until 
a test 354 indicates that aii pattrfies have been measured. Otherwise the patch pointer is incremented 356. 
Once the density of all the patches for aB the colors have been measured the calibration routine of Fig. 21 is 
performed 358, 

Generation of the attenuation factors, DSO bsiancad aim.curves and the correction tsdbies Ibyows the pro- 
se cedure previously discussed for scanners, thus steps 370-382 of Fig. 21 wSt ncA be discussed In detail. There 
are some important dtffwenoes; however, that must be discussed. The first and foremost Is the chdce of "Itn- 
earization space". As discussed previousty, the tones are measured using a photometric devfce and a light 
source, and the results are numerically ^ered via a cubic root of reflection function. This po^ processing fe 
specifically insiituted to minimize system errors when the calibration tables are cascaded with the characler- 
55 izatfon transform. Other spaces could have been chosen without loss of generality. This choice does influence 
the balanced aim curves generated and aius&ated in Fig. 22. The correction table shapes are also affected, 
the results for this example are given in Fig. 23. 

Once the particular ccontrined e^ara(^erizat1on, balanced aim calibratkHi correction, scaling correcti<»i and 
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curves about the scaled aim curves. 

10. A method of calibrating a desk top computer color device, comprising the steps of: 

(a) controlling the color device to produce cdor charactaizatlc»i curves of a color response of the de- 

s vice; and 

(b) adaptiveiy producing color balanced calibration fables from the diaractarizatlort curves. 

11. A method as recited in claim 10, wherein step (b) cwnprises: 

(b1) determining scaling constants; 
JO (b2) normalizing the characterization curves for a maximum de^ce dynamic range compensating for 

saturation; 

(b3) determining a most negative normalized response; 

{b4) determining cdor balance constants from the most negative nonmalized re^nse; 
(bS) scaling aim curves using the color balance constants; and 
,f {b6) creating the calibration tables usirtg the scaled aim curves and the normalized charactsrisstion 

curves. 

12. A method as recited in claim 10, wherein said method is inrttafsd by a user of the de^ top computer. 

13. A mettled as recited in claim 10, wherein said characterization curves of step (a) are first, second and 
thB-d different color curves. 

14. A method as recited in claim 10, wherein step {b} comprises producing the color balanced calibration 
curves using a color balanced tricolor aim curve. 

as 15. A method as recited in claim 10, wherein step (a) includes a producing an RMS average for a group of 
pixels for each point on the characterization curves. 

16. A method of calibrating a desk top computer color device, comprising the steps of: 

(a) controlling, upon initiation of a user, the color device to produce color three characterization curves 
30 of a tricolor response of the device; and 

(b) adaptiveiy producing three color balanced calibration tables (ifom the characterization curves, com- 
prisir^ the steps of: 

(b1) determining scaling constants; 

(bZ) normalizing the characterization curves fN a maximum device dynamic range compensating 
^ for saturation; 

(bS) determining a most negate normalized response; 

(b4) determining color balance constants from the most negative normalized response; 
(b5) scaling aim curves using the cdor balance constants: and 

(b6) creating the calibration tables using the scaled aim curves and the normalized characterization 
40 curves. 

17. . A method of creating color calibration tables from response cha^cterization values produced by a ccIcm' 
input/output devce. cocr^rising the steps of: 
(a) normall^ng the characterization values; 
^5 (b) determining odor balanced aim curves from the characterization values; and 

(c) producing the color calibration tables using the balanced aim curves and the characterization val- 
ues. 

18. A m^hod as redtsd in clabrt 17, ftirthar comprising (d) compensating for saturated channel response by 
^ scaling the aim curves. 

19. A method as recited In daim 17, whereh the balanced aim curves are linear. 

20. A method as redted in daim 17, wherein the balanced aim Kirves are nonlinear. 
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